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1
COPPER PLATING BATH CONTAINING A
TERTIARY AMINE COMPOUND AND USE
THEREOF

This applicationisa 371 of PCT/JP2010/057685, filed Apr.
30, 2010.

TECHNICAL FIELD

The present invention relates to a novel compound and use
thereof, and, more specifically, a tertiary amine compound as
a novel compound and a quaternary ammonium compound
obtained by quaternerization thereof, as well as a copper
plating bath utilizing these novel compounds which is
capable of subjecting a semiconductor substrate such as a
silicon wafer, or a print circuit board, a substrate having fine
circuit patterns or fine pores such as blind via holes, through
holes and the like to a copper plating at a high reliability and
a copper plating method employing the same.

BACKGROUND ART

Recently, a board laminating process such as a build up
process as a circuit mounting of an electronic instrument such
as a cell phone, a personal computer, a video instrument, a
game machine and the like is brought into an extensive use.
This build up process involves a through hole or a via hole
provided in a laminate board, and a metal precipitated in such
afine pore serves to establish a connection between the circuit
layers thereby enabling a multi-lamination of the circuit.
Among such fine pores, the blind via hole is subjected, for the
purpose of precipitating a metal therein, to a conformal via
hole plating or a via filling plating.

Nevertheless, the via hole plating in which a metal film is
formed on the inner wall and the bottom of the via hole
involves a difficulty in mounting a conductive layer further on
the pore and requires the metal film precipitating area to be
increased for ensuring a sufficient current conduction upon
establishing a connection between the circuit layers.

On the other hand, a via filling process for filling a via hole
with a metal allows a pore to be filled completely, and is
extremely advantageous for a down-sizing since another via
hole can be formed further on this pore if the surface of the via
hole part after the filling is flat. Accordingly, as a substitute for
a conformal via hole plating having a limitation in making an
insulant (insulating layer) with flat surface, a so-called via
filling plating to fill an inter-layer connecting pore (hole) is
increasingly brought into use.

As the via filling technology, a copper plating bath con-
taining a condensate of an amine with a glycidyl ether and/or
a quaternary ammonium derivative of said condensate has
already been known (Patent document 1).

Nevertheless, this technology involved a difficulty in
accomplishing a voidless filling of a high-aspect via for a
tridimensional mounting such as a blind via hole, a through
hole and a through-silicon electrode having a small via diam-
eter to meet a recent demand for structure refinement,
although it can readily accomplish the filling of a blind via
hole having a large via diameter (10 pm or more) and a
relatively small via aspect ratio (via depth/via diameter) (1 or
less). A copper plating for LSI can accomplish a filling for up
to anaspectratio of 4to 5 when the diameter is relatively large
(100 nm¢ or more) even in a conventional one, but it has a
difficulty in accomplishing a satisfactory filling for a recent
blind via hole having a smaller diameter.

As a method for precipitating a copper on a print circuit
board, the addition of a leveling agent which is a reaction
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2

product of a compound selected from imidazoles and the like
with an ether bond-containing polyepoxide compound and
which has a specific polydispersion degree, into a copper
plating bath (Patent document 2).

However, this technology requires the molecular weight
distribution to be controlled since the aforementioned reac-
tion product is obtained as being polymerized, resulting in
necessity of an enormous effort for accomplishing a consis-
tent production of a leveling agent having an ideal polydis-
persion degree.

PRIOR ART DOCUMENT
Patent Document

Patent document 1: WO 2002/90623
Patent document 2: U.S. Pat. No. 7,374,652

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

Accordingly, a copper plating technology allowing a via
hole, through hole and the like having a high aspect ratio to be
filled has been required for a board such as a silicon board for
a semiconductor, an organic material board, and a ceramic
board. Also required is a plating fluid technology allowing the
blind via hole, through hole and the like to be filled satisfac-
torily even when the superficial layer plating thickness is
reduced for the purpose of achieving a finer circuit.

Means for Solving the Problems

The inventors worked assiduously and found that the afore-
mentioned problem can be solved by utilizing, in a conven-
tional copper plating technology, a novel compound includ-
ing a tertiary amine compound obtained by reacting a
compound having 3 or more glycidyl ether groups with a
heterocyclic compound under a gentle condition or a quater-
nary ammonium compound derived therefrom, thereby estab-
lishing the present invention.

Thus, the present invention is as follows.

(1) A tertiary amine compound obtained by reacting a
heterocyclic compound with an epoxy group of a glycidyl
ether group of a compound having 3 or more glycidyl ether
groups.

(2) A quaternary ammonium compound obtained by qua-
ternarizing the tertiary amine compound described in the
aforementioned (1).

(3) A method for producing a tertiary amine compound
comprising reacting a heterocyclic compound with an epoxy
group of a glycidyl ether group of a compound having 3 or
more glycidyl ether groups.

(4) A method for producing a quaternary ammonium com-
pound comprising reacting a tertiary amine compound, which
is obtained by reacting a heterocyclic compound with an
epoxy group of a glycidyl ether group of a compound having
3 or more glycidyl ether groups, with a quaternarizing
reagent.

(5) An additive for a copper plating bath comprising one or
more compounds selected from the group consisting of the
tertiary amine compound described in the aforementioned (1)
and the quaternary ammonium compound described in the
aforementioned (2).

(6) A copper plating bath comprising one or more com-
pounds selected from the group consisting of the tertiary
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amine compound described in the aforementioned (1) and the
quaternary ammonium compound described in the aforemen-
tioned (2).

(7) A copper plating method comprising plating a substrate
using a copper plating bath described in the aforementioned

(6).
Advantageous Effects of the Invention

A tertiary amine compound and a quaternary ammonium
compound obtained by quaternerization thereof according to
the present invention, when added to a conventional copper
plating bath, allow a semiconductor substrate such as a silicon
wafer or a print circuit board, a substrate having fine circuit
patterns or fine pores such as blind via holes, through holes
and the like to be copper-plated at a high reliability.

In addition, by means of the aforementioned copper plat-
ing, ablind viahole, through hole and the like formed at a high
aspect ratio on a substrate can be filled with a copper in a
void-free manner. At the same time, any overplating of the
blind via hole, through hole and the like can be prevented,
thereby allowing a superficial layer to be mounted easily and
ensuring the flatness of the substrate surface which allows a
multilayer to be laminated easily.

Furthermore, the aforementioned copper plating allows for
a satisfactory filling performance even with a reduced film
thickness of the substrate surface when compared with the
copper plating of a substrate using a conventional additive-
containing copper plating solution.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a photograph as a sectional view of the inside
of the via hole after plating in Example 5.

FIG. 2 shows photographs as sectional views of the inside
of the via hole after plating in Example 6 (plating time: 35
minutes in A, and 25 minutes in B).

FIG. 3 shows a photograph as a sectional view of the inside
of the via hole after plating in Comparative 1 or 2 (C in
Comparative 1 and D in Comparative 2).

FIG. 4 shows a photograph as a sectional view of the inside
of the via hole after plating in Example 7.
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DESCRIPTION OF EMBODIMENTS

A novel compound of the present invention is a tertiary
amine compound (hereinafter referred to as “a tertiary com-
pound of the invention™) obtained by reacting a compound
having 3 or more glycidyl ether groups with a heterocyclic
compound via a reaction at the epoxy group of the glycidyl
ether group.

The compound having 3 or more glycidyl ether groups
serving as a starting material for the aforementioned tertiary
compound ofthe invention is not limited particularly and may
for example be a compound represented by Formula (I)
shown below (hereinafter referred to simply as “Compound

@)

@

R! R3
RZ
77 =
O o) (@]
(@]
wherein:

R! is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl group
constituted by C,-C, and C,-C,, preferably a hydrogen atom
or a glycidyl ether group;

R? is a hydrogen atom, a methyl group or an ethyl group,
preferably a hydrogen atom or an ethyl group;

R? is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl group
constituted by C,-Cg and O,-O,, preferably a hydrogen atom
or a glycidyl ether group; and,

n is an integer of 1 to 4.

Typically, the aforementioned compound (I) may for
example be those listed below. These compounds (I) are com-
mercially available or can be obtained by those skilled in the
art by reacting a polyol corresponding to a compound having
3 or more glycidyl ether groups with epichlorohydrin accord-
ing to Chemical Abstract (vol. 73, 57454n. (1970)).

TABLE 1

Compound n R! R? R3

Glycerin triglycidyl ether 1 H H H

Trimethylolpropane triglycidy!l 1 H —CH,CHj3 H

ether

Diglycerol tetraglycidyl ether 2 H H H

Erythritol tetraglycidyl ether 1 H H (0]

—CH,—0—CH, <I

Arabinose tetraglycidy! ether —C—H H (0]
Il —CHZ—O—CHZKI
¢}

Triglycerol pentaglycidyl ether 3 H H H

Fructose pentaglycidyl ether 1 O H O

—C—CHZ—O—CH2—<I —CHZ—O—CH2—<I
Xylitol pentaglycidyl ether 1 (0] H (0]
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TABLE 1-continued
Compound n R! R2 R3
Tetraglycerol hexaglycidyl ether 4 H H H
Sorbitol hexaglycidyl ether 1 O H (0]
CHZ—O—CH2<I —CHZ—O—CH2<I

The heterocyclic compound as another starting material for
the tertiary compound of the invention is also not limited
particularly and may for example be those represented by
Formula (IT):

77N
R* NH

N

an

wherein:

R* is a hydrocarbon represented by C,-Cy, which option-
ally has unsaturated bonds, is optionally substituted by a
nitrogen atom, an oxygen atom or a sulfur atom, and forms a
S5-membered ring, a 6-membered ring, or a S-membered ring
and a 6-membered ring.

A preferred heterocyclic compound represented by For-
mula (IT) shown above may for example be pyrazole, benz-
imidazole, 1,2,4-triazole, benzotriazole, pyrrolidine, piperi-
dine, morpholine, thiomorpholine and the like. Such a
heterocyclic group may have a substituent including an alkyl
group such as a methyl group, an ethyl group and the like, a
hydroxy group such as a hydroxyl group, a hydroxymethyl
group, a hydroxyethyl group and the like, a carbonyl group
such as a formyl group, a carboxyl group and the like.

In order to obtain the tertiary compound of the invention by
reacting the aforementioned heterocyclic compound with the
epoxy group of the glycidyl ether group of the compound
having 3 or more glycidyl ether groups, it is important that the
reaction be conducted at room temperature or below, for
example under a cooling condition at —78 to 25° C. Typically,
the cooling to 0 to 10° C. is ensured upon adding the hetero-
cyclic compound to the compound having 3 or more glycidyl
ether groups, and after completion of the addition the tem-
perature is raised to room temperature to ensure no remaining
unreacted epoxy groups; this is not a condition for polymer-
ization of the glycidyl ether itself.

The tertiary compound of the invention thus obtained is not
limited particularly and may for example be a tertiary amine
compound represented by Formula (I1):

(1)

R! R3
N i N
R* N/\(\OMO]MN R
N OH 0 o
HO
()

R4
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wherein:

R'is a hydrogen atom, a formyl group or one or two gly-
cidyl ether groups optionally containing a carbonyl group
constituted by C,-Cg and O,-O,, preferably a hydrogen atom
ora 2glycidyl ether group;

R~ is a hydrogen atom, a methyl group or an ethyl group,
preferably a hydrogen atom or an ethyl group;

R? is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl group
constituted by C,-Cg and O,-O,, preferably a hydrogen atom
or a glycidyl ether group;

R” is a hydrocarbon represented by C,-Cg, which option-
ally has unsaturated bonds, is optionally substituted by a
nitrogen atom, an oxygen atom or a sulfur atom, and forms a
S5-membered ring, a 6-membered ring, or a 5S-membered ring
and a 6-membered ring; and,

n is an integer of 1 to 4.

Such a tertiary compound of the invention can be identified
for example by an infrared (IR) spectroscopic measurement,
and can typically be identified by observing a peak near 3400
cm™" assigned to the hydroxy group of the tertiary compound
and a peak near 1300 cm™ assigned to the tertiary amine
compound. The followings are the structures of the com-
pounds belong to the tertiary compound of the invention
which were obtained actually by the inventors together with
the peak positions obtained by the IR spectrometry.

(I11a)

OH

IR: 3400, 2910, 1450, 1310, 1290, 1110 (cm™))

N/\(\o/j)/\o/\(\N

OH OH

(IIIb)

OH

N

(J

IR: 3400, 2920, 1440, 1310, 1280, 1110 (cm™))
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(IlTe)
N O O N
5
OH (@] OH
g\OH
N 10
@
IR: 3410, 2010, 1450, 1300, 1280, 1110 (em™)
15
(I11d)
20
N/Y\O/q/\o/\(\N
OH (@] OH
25
OH
N
IR: 3400, 2910, 1440, 1310, 1280, 1110 (em™)
N
35
(IlTe)

45
IR: 3400, 2910, 1460, 1320, 1270, 1110 (cm™)
50
(1f) 55
N/ﬁ/\o/r\/\oh/\N
OH O OH O
60
OH
N
65

IR: 3400, 2920, 1440, 1310, 1280, 1110 (em™)

ﬁ D
.

(llg)

OH

HO

IR: 3410, 2920, 1440, 1320, 1270, 1090 (cm™})

(I1Ih)
N
OH
0
/\(\O O/\(\N
OH o) OH
HO
IR: 3400, 2920, 1430, 1320, 1280, 1100 (cm™)
(I1I)

IR: 3400, 2930, 1450, 1320, 1280, 1110 (cm™))
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(1)

I\O
OH OH
0 O\)\/N
N o O/\(\N
OH j\
IR: 3410, 2920, 1440, 1320, 1270, 1100 (cm

The aforementioned tertiary compound of the invention
can be quaternarized to form a quaternary ammonium com-
pound (hereinafter referred to as “a quaternary compound of
the invention™). The quaternarization of the tertiary com-
pound can be achieved for example by a reaction of a quater-
narizing agent such as a halogenated alkyl, halogenated alk-
enyl or halogenated aryl, dialkyl sulfate and the like with a
tertiary compound of the invention. This quaternarization
reaction is conducted preferably under reflux or cooling con-
dition. Typically, the reaction with a halogenated substance is
subjected for example to a condition involving a reflux using
anaprotic solvent acetone or acetonitrile as a reaction solvent,
while the reaction with the dialkyl sulfate is subjected for
example to a condition involving a coolingto 0 to 10° C. using
acetone or acetonitrile or water as a reaction solvent.

The quaternary compound of the invention thus obtained is
not limited particularly and may for example be a quaternary
ammonium compound represented by Formula (IV) (herein-
after referred to simply as “Compound (IV)”):

av)

R! R? oX
ex R? ®
/\@ 7 N\ )
R? N/\(\O o7, N R
NP7 . 0 o N
RS RS
X
HO
® ©
N
R5/ w
R4

wherein:

R' is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl group
constituted by C,-C, and O,-O,, preferably a hydrogen atom
or a glycidyl ether group;
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R? is a hydrogen atom, a methyl group or an ethyl group,
preferably a hydrogen atom or an ethyl group;

R? is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl group
constituted by C,-C, and O,-O,, preferably a hydrogen atom
or a glycidyl ether group;

R* is a hydrocarbon represented by C,-Cy, which option-
ally has unsaturated bonds, is optionally substituted by a
nitrogen atom, an oxygen atom or a sulfur atom, and forms a
S5-membered ring, a 6-membered ring, or a 5S-membered ring
and a 6-membered ring;

R’ is a hydrocarbon optionally having unsaturated bonds
represented by C,-C., preferably a C,-C; hydrocarbon;

X is a halogen atom or a monoalkyl sulfate represented by
C,-C,, preferably a halogen atom selected from a chlorine
atom, bromine atom or iodine atom, or a monoalkyl sulfate
represented by C,-C;; and,

n is an integer of 1 to 4.

The counter anion (X7) of the aforementioned compound
(IV) is not limited to those described above and may for
example be a hydroxide ion derived from the counter anion.
Such a hydroxide ion derived from the counter anion can be
obtained by treating the compound (IV) for example with an
anion exchange resin according to a standard method.

Such a quaternary compound of the invention can be iden-
tified for example by an infrared (IR) spectroscopic measure-
ment, and can typically be identified by observing a peak near
1700 cm™" assigned to the quaternary ammonium compound
and a loss of the peak near 1300 cm™" assigned to the tertiary
amine compound. The followings are the structures of the
compounds belong to the quaternary compound of the inven-
tion which were obtained actually by the inventors together
with the peak positions obtained by the IR spectrometry.

IVa)
1 ©
(€] 1
®|/\/\ /\/\ /\/\|@

N O (0] N

T 7T T8

OH
o
© )
IR: 3420, 2950, 1680, 1450, 1110 (cm™)
IVb)
Cl
o) [©]
® ® Cl
N/\/\O/\/\O/\/\N
U170
OH
\/EN
[S]
Cl

IR: 3400, 2940, 1640, 1440, 1110, 1050, 950 (cm™))
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11 12
-continued -continued
(IVe) (IVg)
N 0 o) N | |
Y OH oH © ° ®
I Y OH OH o
1
OH
Nle 10 OH
Nl ~
%o,
15

IR: 3410, 2940, 1440, 1680, 1100 (cm™))
IR: 3400, 2920, 1640, 1450, 1110 (em™)

(IVd)
20
| | (IVh)
N@/ﬁ/\o/\(\O/ﬁ/\N
(31 on 0 on @ 25
e NG 0 0 N
Cl <) ®
¢ OH 0 OH g
OH ol
\/\N@@
cl 30 oH
\/\ ®
N
Oq
IR: 3400, 2050, 1640, 1430, 1100, 1040, 940 (cm™!)
35
IR: 3400, 2040, 1650, 1440, 1100, 1050, 960 (cm™)
(IVe) (Ivi)
1
1 o)
© 1
N |01 % ©o] | o
N 0 0 N N 0 of, N
Q OH 0 OH Q Q OH o} OH Q
OH = OH
Py Py
@ o)
1
50
IR: 3410, 2920, 1650, 1440, 1100 (cm™) IR: 3420, 2950, 1650, 1440, 1110 (em™)
(IvVDH (Ivj)
] | ) |
55
© ©¢ ) © ¢
® ® ® ®
TS oS
60
OH OH
\/\N \/\N

o® o ®
Cl 65 Cl

IR: 3420, 2930, 1630, 1450, 1100, 1050, 940 (cm™)) IR: 3400, 2940, 1650, 1450, 1110, 1040, 950 (cm™))
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-continued -continued
(IVK) (IVn)
| | N .
N@/\(\O of, SN S .
Q
2 on 0 on <;) N@
on
ol
~ ® 10
N | 0 |
cl
o oCl
® ®
IR: 3400, 2050, 1680, 1450, 1100 (em™) s N 0 0 N
on 0 on
HO
20
N/\/

avi Qe ©
| | cl

IR: 3410, 2940, 1640, 1440, 1110, 1040, 960 (cm™))

25 (IVo)
N@AOMONN
®
o OH 0 OH ~!
cl ®
30 9
OH ox
\/\N®@
cl 0
35 | |
IR: 3400, 2950, 1640, 1430, 1100, 1050, 950 (™)) Nmo OmN
© oH o) OH ©
I I
40
HO
o ex
I
avm)
o! IR: 3400, 2950, 1680, 1440, 1100 (cm™)) (Ivp)
®
\/\N
50 ©3
- cl
OH
0
| 0 |
Io | | ol s
® ®
N 0 o N
oH 0 oH ® ®
© OH 0 o o
Cl Cl
60
HO 1o
/
Ne N
[©]
65

IR: 3410, 2960, 1660, 1440, 1100 (cm™))
IR: 3400, 2940, 1640, 1450, 1100, 1040, 960 (cm™)



Oﬁ/\

US 9,321,741 B2

15

-continued

{ Jo

e

OH \N
® o1
OH

© oH

HO

0@y~

U

IR: 3420, 2960, 1680, 1440, 1110 (cm™))

IR: 3400, 2950, 1630, 1460, 1110, 1050, 950 (cm™!)

Vg

[0
T

Ivr)

w

20

25

30

35

40

45

16

-continued
(IVs)

IR: 3420, 2950, 1670, 1430, 1100 (em™)
(IVt)

?
/@—@/
@

A

Q-

S0
Yf@

IR: 3400, 2950, 1640, 1440, 1110, 1040, 950 (cm®)

While any of the aforementioned tertiary compound and
quaternary compound of the invention can be employed in
various applications alone or in combination, it can be
employed for example as a copper plating bath additive. In
such a case, the concentration of such a compound in the
copper plating bath is 0.1 to 1000 mg/L, preferably 1 to 800
mg/L.

The copper plating bath to which the copper plating bath
additive is added is not limited particularly, and may for
example be those containing copper ions and organic acids or
inorganic acids.

The copper ion source capable of being contained in such
a copper plating bath may be any of the copper compounds
employed in an ordinary copper plating bath without any
limitation. Those exemplified typically are copper sulfates,
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copper oxides, copper chlorides, copper carbonates, copper
pyrophosphate, as well as copper alkane sulfonates such as
copper methanesulfonate and copper propanesulfonate, cop-
per alkanolsulfonates such as copper isethionate and copper
propanolsulfonate, organic acid copper such as copper
acetate, copper citrate and copper tartarate as well as the salts
thereof. Any of these copper compounds can be employed
alone or in combination.

The concentration of the copper ion in the composition of
a copper plating bath is 10 to 80 g/L, preferably 35 to 75 g/L..

On the other hand, the organic acid or the inorganic acid
capable of being contained in the copper plating bath is not
limited particularly and any of those capable of dissolving the
copper can be employed. Those preferred typically are sulfu-
ric acid, alkane sulfonic acids such as methanesulfonic acid
and propanesulfonic acid, alkanol sulfonic acids such as
isethionic acid and propanolsulfonic acid, organic acids such
as citric acid, tartaric acid and formic acid. Any of these
organic acids or inorganic acids can be employed alone or in
combination. The copper plating bath is kept preferably
acidic. The concentration of this organic acid or inorganic
acid is 5 to 200 g/L, preferably 10 to 100 g/L. in the compo-
sition of the copper plating bath.

While this copper plating bath contains a metal copper as
its primary constituent, it may contain other metals such as
Ge, Fe, In, Mn, Mo, Ni, Co, Pb, Pd, Pt, Re, S, Ti, W, Cd, Cr,
Zn, Sn, Ag, As, Au, Bi, Rh, Ru, Ir and the like.

Also to this copper plating bath, a halogen ion such as
chloride, iodide and bromide ions can be added similarly to an
ordinary acidic copper plating bath. In such a case, the con-
centration of the halogen ion is 0.01 to 150 mg/L, preferably
10 to 100 mg/L. in the composition of the copper plating bath.

Moreover, the aforementioned copper plating bath may
contain one or more of sulfoalkylsulfonic acids and the salts
thereof, bissulfo-organic compounds and dithiocarbamic
acid derivatives. These are the additive components also
referred to generally as carrier components or brighteners,
and those exemplified typically are the following (1) to (3).

(1) A sulfoalkylsulfonic acid represented by Formula (a):

@
wherein L, is a C,-C,, saturated or unsaturated alkylene

group and M, is a hydrogen or an alkaline metal.
(2) A bissulfo-organic compound represented by Formula

(b):

HS-L,-SO3M,;

X,-Ly-S—S-L,-Y, (b)

wherein X, and Y, are sulfate residues or phosphate residues
and L, and L, are C,-C, saturated or unsaturated alkylene
groups.

(3) A dithiocarbamic acid derivative represented by For-
mula (c):

wherein each of R6 and R7 is a hydrogen atom or a C1-C3
lower alkyl group, 1.4 is a C3-C6 alkylene group and X2 is a
sulfate residue or a phosphate residue.

The aforementioned components may be employed alone
or in combination. The concentration is 0.1 to 200 mg/L,
preferably 0.3 to 20 mg/L in the composition of the copper
plating bath.
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In addition to the aforementioned components, the copper
plating may contain other components employed generally in
the copper plating, including polyethers, such as polyethyl-
ene glycol and polypropylene glycol, Pluronic type surfac-
tants, Tetronic type surfactants, polymers such as polyethyl-
ene glycol glyceryl ether and polyethylene glycol dialkyl
ethers and humectants for reducing the surface tension, so-
called levellers such as polyalkyleneimines, alkylimidazoline
compounds, auramine and derivative thereof, organic dyes
such as phthalocyanine compounds and janus green and the
like.

The aforementioned copper plating bath may be prepared
by a standard method, the details of which may be determined
appropriately by taking respective component compositions
and contents into consideration.

Next, the copper plating method using the copper plating
bath of the present invention is described.

The substrate subjected to the copper plating method ofthe
invention is not limited particularly, and may be a substrate
made for example from a resin on which a layer of a conduc-
tive material such as a metal is formed and patterned, a semi-
conductor substrate such as a silicon wafer having a fine
circuit pattern on the surface thereof, an electronic circuit
board such as a print circuit board and the like.

Such a substrate may contain a mixture of a blind via hole,
atrench (groove) for a fine circuit, a through hole penetrating
the substrate and the like.

Typically, such a substrate may for example be a print
board such as a package board to which an IC bare chip is
mounted directly, a silicon wafer to which an LSI or the like
is mounted directly, or a silicon wafer substrate for the pur-
pose of manufacturing a semiconductor chip itself.

In order to practice the copper plating method of the inven-
tion, a pretreatment such as formation of a barrier layer is
performed if necessary, and then a conductivity imparting
treatment such as formation of a metal seed layer serving as a
power supply layer for the substrate is performed. This con-
ductivity imparting treatment can be accomplished by an
ordinary conductivity imparting treatment method such as a
metal (including carbon) coating treatment using a electroless
plating, a so-called direct plating treatment method using a
carbon or palladium, a sputtering, a vapor deposition or a
chemical vapor deposition (CVD) and the like.

Following the conductivity imparting treatment, the sub-
strate is subjected to a copper plating in a copper plating bath.
The condition under which the copper plating is performed
using the copper plating bath of the invention is not limited
particularly, and any ordinary copper sulfate plating condi-
tion may be adopted. Thus, the plating may be effected at a
fluid temperature of about 20 to 30° C., a cathode current
density of about 0.05 to 3 A/dm?. The plating time period may
be adjusted appropriately in view of the purpose of the plat-
ing. Also upon this plating, it is preferable to effect a fluid
agitation for example by an aeration, a pump circulation, a
paddle stirring and the like.

The copper plating method described above allows a blind
via hole, a through hole, a trench, a through-silicon electrode
on the aforementioned substrate to be filled in a state where
the superficial layer plating thickness (the thickness of the
portion of the substrate which can be plated simultaneously
with, but is free of the blind via hole, the through hole, the
trench, the through-silicon electrode) is thin.

Typically, for copper plating of a patterned board having a
blind via hole of 50 pm in diameter and 30 um in depth to
allow the via hole to be filled completely, the plating may be
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effected for about 30 minutes at a cathode current density of
1.5 A/dm?. In such a case, the superficial layer plating thick-
ness becomes about 10 pm.

For copper plating of a substrate such as a silicon wafer
having a via hole or a trench 0f 0.1 to 0.5 um in diameter and
0.2 to 1 um in depth to allow the via hole or the trench to be
filled completely for the purpose of manufacturing a semi-
conductor, the plating may be eftected for about 150 seconds
at a cathode current density of 2 A/dm?®. In such a case, the
superficial layer plating thickness becomes about 1 pm.

In a case of the filling plating of a through-silicon electrode
of 10 pm in diameter and 20 pm in depth for the purpose of a
tridimensional mounting, the plating may be effected for
about 10 minutes at a cathode current density of 2 A/dm?. In
such a case, the superficial layer plating thickness becomes
about 5 um. Also in a case of the filling plating of a through-
silicon electrode of 20 um in diameter and 100 pm in depth,
the plating may be effected for about 60 minutes at a cathode
current density of 0.2 A/dm?. In such a case, the superficial
layer plating thickness becomes about 3 pm.

The plating methods of the present invention described
above can be applied to various plating procedures or devices
with no limitation.

EXAMPLES

The present invention is further described in detail with
referring to Examples, to which the invention is not limited in
any way.

Example 1

Synthesis of Tertiary Amine Compound (II1a):

A reaction container fitted with a thermometer, a stirrer and
a drip funnel was charged with 20 g of glycerin triglycidyl
ether (epoxy equivalent: 143 g/e.q.) and then also with 100
mlL of pure water for dissolution, which was cooled to 0° C.
and then treated with 10.2 g of pyrrolidine slowly so that the
reaction temperature was kept at 30° C. or below. Thereafter,
the temperature was raised to room temperature and the reac-
tion was continued for 2 hours, after which the disappearance
of the signals assigned to the epoxide (2.54, 2.71, 3.08 ppm)
was confirmed by NMR. Concentration under reduced pres-
sure for removing the reaction solvent and the excessive
pyrrolidine yielded 29.9 g of a tertiary amine compound.

The functional groups of the resultant tertiary amine com-
pound were verified by IR measurement, which showed the
peaks at 3400, 2910, 1450, 1310, 1290 and 1110 cm™!, which
were confirmed to include the peak assigned to the hydroxy
group (3400 cm™') and the peaks assigned to the tertiary
amine compound (1310, 1290 cm™).

Based on these results, it was proven that the tertiary amine
compound (IIla) was obtained.

Example 2

Synthesis of Quaternary Ammonium Compound (IVa):

A reaction container fitted with a thermometer, a stirrer, a
drip funnel and a Dimroth condenser was charged with 29.9 g
of the tertiary amine compound (IIla) obtained in Example 1
described above, and then also with 100 mL of acetonitrile for
complete dissolution, and charged further with 17.4 mL. of
methyl iodide, and reaction was conducted by heating under
reflux for 12 hours. Then the reaction solvent and the exces-
sive methyl iodide were removed by concentration under
reduced pressure, thereby yielding a quaternary ammonium
compound.
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The functional groups of the resultant quaternary com-
pound were verified by IR measurement, which indicated that
the peaks assigned to the tertiary amine compound (1310,
1290 cm™) had disappeared and the peaks assigned to the
quaternary ammonium compound (1680 cm™) was newly
observed.

Based on these results, it was proven that the quaternary
ammonium compound (IVa) was obtained.

Example 3

Synthesis of Tertiary Amine Compound (I11j):

According to Example 1, 20 g of sorbitol hexaglycidyl
ether (epoxy equivalent: 170 g/e.q.) and 10.4 g of piperidine
were reacted and the disappearance of the signals assigned to
the epoxide (2.54, 2.71, 3.08 ppm) was confirmed by NMR,
thereby obtaining 30.0 g of a tertiary amine compound.

The functional groups of the resultant tertiary compound
were verified by IR measurement, which showed the peaks at
3410, 2920, 1440, 1320, 1270 and 1100 cm™, which were
confirmed to include the peak assigned to the hydroxy group
(3410 cm™) and the peaks assigned to the tertiary amine
compound (1320, 1270 cm™).

Based on these results, it was proven that the tertiary amine
compound (IIfj) was obtained.

Example 4

Synthesis of Quaternary Ammonium Compound (IVt):

According to Example 2, 30.0 g of the tertiary amine com-
pound (111j) obtained in Example 3 described above and 19.2
mlL of allyl chloride were reacted to obtain 39.0 g of a qua-
ternary ammonium compound.

The functional groups of the resultant quaternary ammo-
nium compound were verified by IR measurement, which
indicated that the peaks assigned to the tertiary amine com-
pound (1320, 1270 cm™") had disappeared and the peaks
assigned to the quaternary ammonium compound (1640
cm™) and the peaks assigned to the allyl group (1040, 950
cm™") were newly observed.

Based on these results, it was proven that the quaternary
ammonium compound (IVt) was obtained.

Example 5

Copper Plating onto Resin Board

An epoxy resin board having a seed layer formed by an
electroless copper plating and a blind via hole of 70 um in
diameter and 40 um in depth (aspect ratio: 0.57) was sub-
jected to copper electroplating using the copper plating bath
having the composition shown below containing the tertiary
amine compound (II1a) synthesized in Example 1 under the
condition shown below.
(Copper Plating Bath Composition)
Copper sulfate pentahydrate: 230 g/L.
Sulfuric acid (98%): 50 g/LL
Chlorine: 40 mg/L.
Tertiary amine compound (I1la): 100 mg/L
SPS (*): 1 mg/L.
* Bis 3-(sulfopropyl)disulfide
(Copper Electroplating Condition)
Plating temperature: 25° C.
Cathode current density: 2 A/dm?>
Plating time: 35 minutes
Stirring: Air stirring
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Example 6

Copper Plating onto Resin Board

An epoxy resin board having a seed layer formed by an
electroless copper plating and a blind via hole of 70 pm in
diameter and 40 um in depth (aspect ratio: 0.57) was sub-
jected to copper electroplating using the copper plating bath
having the composition shown below containing the quater-
nary ammonium compound (IVa) synthesized in Example 2
under the condition shown below.
(Copper Plating Bath Composition)
Copper sulfate pentahydrate: 230 g/L.
Sulfuric acid (98%): 50 g/LL
Chlorine: 40 mg/L.
Quaternary ammonium compound (IVa): 100 mg/L.
SPS (*): 1 mg/LL
* Bis 3-(sulfopropyl)disulfide
(Copper Electroplating Condition)
Plating temperature: 25° C.
Cathode current density: 2 A/dm>
Plating time: 25 minutes or 35 minutes
Stirring: Air stirring

Comparative Example 1

Copper Plating onto Resin Board (1):

A resin board was subjected to copper electroplating in the
same manner as Example 5 except that 4 mg/L. of Janus Green
B and 100 mg/L of PEG4000 were used in place of 100 mg/L.
of the tertiary amine compound (IIla) in the copper plating
bath.

Comparative Example 2

Copper Plating onto Resin Board (2):

A resin board was subjected to copper electroplating in the
same manner as Example 5 except that 100 mg/L. of the
quaternary ammonium compound constituted by polyethyl-
ene glycol (nano-polymer), dimethylamine and allyl chloride
represented by the formula shown below was used in place of
100 mg/L. of the tertiary amine compound (II1a) in the copper
plating bath.

| ont ec1
\ @
/{'\/ © N
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Test Example 1

Evaluation of Copper Plating:

FIG. 1 shows a photograph as a sectional view of the resin
board which has been subjected to the copper electroplating
in Example 5 (plating time: 35 minutes) and FIG. 2 shows
photographs as sectional views of the resin board which has
been subjected to the copper electroplating in Example 6
(plating time: 35 minutes in A and 25 minutes in B). FIG. 3
also shows a photograph as a sectional view of the resin board
which has been subjected to the copper electroplating in
Comparative Example 1 or 2 (C in Comparative 1 and D in
Comparative 2, plating time: 35 minutes in both cases).
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Example 5 and Example 6 exhibited satisfactory filling per-
formances when compared with Comparative Examples 1 or
2. Especially as shown in B of FIG. 2, Example 6 allowed for
a complete via filling within 25 minutes of the plating time
period, indicating that the filling was possible with a plating
thickness as extremely thin as a superficial layer plating thick-
ness of 9.1 um. Accordingly, it was indicated that the present
invention can be applied to a fine pattern circuit.

Example 7

Copper Plating onto Silicon Wafer Board:

A silicon wafer board having a Cu seed layer formed by a
vacuum sputtering and a blind via hole of 20 um in diameter
and 110 pm in depth (aspect ratio: 5.5) was subjected to
copper electroplating using the copper plating bath having the
composition shown below containing the tertiary amine com-
pound (I1j) synthesized in Example 3 under the condition
shown below.

(Copper Plating Bath Composition)
Copper sulfate pentahydrate: 250 g/L.
Sulfuric acid (98%): 30 g/LL
Chlorine: 40 mg/L.

Tertiary amine compound (I1Ij): 10 mg/LL
SPS (*): 1 mg/L.

* Bis 3-(sulfopropyl)disulfide
(Copper Electroplating Condition)
Plating temperature: 25° C.

Cathode current density: 0.4 A/dm?
Plating time: 80 minutes

Stirring: Squeeze stirring

FIG. 4 shows a photograph as a sectional view of the silicon
wafer board which has been subjected to the copper electro-
plating. Based on this figure, it was indicated that the present

invention exerted a satisfactory filling performance even for
the silicon wafer board.

As discussed above, while a conventional plating bath fora
via filling has a difficulty in a bottom-up filling when the
aspect ratio is 1 or more which leads to a void in aviahole, the
present invention allows for a filling without any void in
plating a via hole even when aspect ratio is more than 2.

INDUSTRIAL APPLICABILITY

The novel compounds of the present invention can be uti-
lized in an additive for a copper plating bath. The copper
plating bath containing this novel compound is preferable
especially for plating a substrate.

The invention claimed is:

1. A copper plating bath, comprising:

copper ion at 10 to 80 g/L,

an organic acid or an inorganic acid at 5 to 200 g/L, and

one or more compounds selected from the group consisting
of a tertiary amine compound obtained by reacting a
heterocyclic compound with an epoxy group of a gly-
cidyl ether group of a compound having 3 or more gly-
cidyl ether groups at room temperature or below without
polymerizing the glycidyl ether groups and a quaternary
ammonium compound obtained by quaternarizing the
tertiary amine compound,
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wherein
the heterocyclic compound is represented by Formula (II):

1D
77N\
R* NH

N

wherein:

R* is a hydrocarbon represented by C,-Cy, which option-
ally has unsaturated bonds, is optionally substituted by a
nitrogen atom, an oxygen atom or a sulfur atom, and
forms a 5-membered ring, a 6-membered ring, or a
5-membered ring and a 6-membered ring, and

the compound having 3 or more glycidyl ether groups is
represented by Formula (I):

@

wherein:

R' is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl
group constituted by C,-Cg and O,-O,;

R? is a hydrogen atom, a methyl group or an ethyl group;

R? is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl
group constituted by C,-Cg and O,-O,; and,

n is an integer of 1 to 4.

2. The copper plating bath according to claim 1,

wherein the copper plating bath comprises said copper ion
at 35 to 75 g/IL and said organic acid or inorganic acid at
10 to 100 g/L..

3. The copper plating bath according to claim 1,

wherein the copper plating bath comprises one or more
compounds selected from the group consisting of the
tertiary amine compound and a quaternary ammonium
compound obtained by quaternarizing the tertiary amine
compound at 0.1 to 1000 mg/L..

4. The copper plating bath according to claim 1,

wherein the copper plating bath further comprises one or
more components selected from the group consisting of
sulfoalkylsulfonic acids or salts thereof, bissulfo-or-
ganic compounds and dithiocarbamic acid derivatives
and the concentration of said components is 0.1 to 200
mg/L.

5. The copper plating bath according to claim 1, wherein

the copper plating bath is acidic.
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6. A copper plating method, comprising:
plating a substrate by contacting said substrate with the
copper plating bath according to claim 1.
7. The copper plating method according to claim 6,
wherein the substrate has a blind via hole whose aspect
ratio is 1 or more.
8. The copper plating method according to claim 6,
wherein the substrate has a through hole whose aspect ratio
is 2 or more.
9. The copper plating method according to Claim 6, which
is conducted so that a superficial layer plating thickness is 15
pum or less.
10. The copper plating bath according to claim 1, wherein
tertiary amine compound is represented by Formula (I1I):

(I

R! R?
N ¥ N
N OH 0 on

HO
N

&D
wherein:

R! is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl
group constituted by C,-C4 and O,-O;

R? is a hydrogen atom, a methyl group or an ethyl group;

R? is a hydrogen atom, a formyl group or one or two
glycidyl ether groups optionally containing a carbonyl
group constituted by C,-Cg and 0,-O,;

R*is a 5-membered ring or a 6-membered ring, optionally
having unsaturated bonds and optionally substituted by
anitrogen atom, an oxygen atom or a sulfur atom, which
is represented by C,-Cg or a hydrocarbon forming the
5-membered ring and the 6-membered ring; and,

n is an integer of 1 to 4.

11. The copper plating bath according to claim 1, compris-

ing one or more of said tertiary amine compounds.

12. The copper plating bath according to claim 1, compris-
ing one or more of said quaternary ammonium compounds.

13. The copper plating bath according to claim 10, com-
prising one or more of said tertiary amine compounds.

14. The copper plating bath according to claim 10, com-
prising one or more of said quaternary ammonium com-
pounds.

15. The copper plating bath according to claim 1, wherein
R* is a hydrocarbon represented by C,-Cg, which optionally
has unsaturated bonds, is optionally substituted by a nitrogen
atom, an oxygen atom or a sulfur atom, and forms a 5-mem-
bered ring or a 6-membered ring.

#* #* #* #* #*



